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Summary
Objective: Because menisci and the medial vs lateral tibial plateau bone mineral density ratio (M:L BMD) are associated with loading within the
knee, we postulated there to be an association between compartment-speciﬁc meniscal damage and M:L BMD. We hypothesized that knees
with higher M:L BMD, consistent with increased medial subchondral BMD, would be associated with medial meniscal damage, and lower
ratios with lateral meniscal damage.
Methods: We conducted a cross-sectional study evaluating participants in the Framingham Osteoarthritis Cohort having magnetic resonance
images (MRIs), BMDs, and x-rays of the knee. Medial and lateral meniscal damage were deﬁned on MRI. We performed a logistic regression
with medial meniscal damage as the outcome testing M:L BMD groups as predictor variables. We adjusted for age and sex; we used gen-
eralized estimating equations (GEE) to adjust for correlation between knees. Identical analyses were performed evaluating lateral meniscal
damage.
Results: When evaluating the relation of M:L BMD to medial meniscal damage, the odds ratios (ORs) of prevalent medial meniscal damage
from lowest to highest quartile of M:L BMD were 1.0 (referent), 1.9, 2.4 and 8.9, P for trend <0.0001. When evaluating the relation of M:L BMD
to lateral meniscal damage, the ORs of prevalent lateral meniscal damage from lowest to highest quartile of M:L BMD were 1.0 (referent), 0.3,
0.2, and 0.2, P for trend ¼ 0.001.
Conclusions: Meniscal damage is associated with higher regional tibial BMD in the same compartment. Our ﬁndings highlight the close re-
lationship between meniscal integrity and regional tibial subchondral BMD.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Menisci are ﬁbrocartilaginous structures located between
the tibia and the femur, attached to the superior aspect of
the tibial plateau. These structures play a large role in
load distribution in the knee1. A knee without an intact
meniscus experiences twice the peak pressures upon load-
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261Knees with meniscectomies, even partial or limited, are at
greatly increased risk for the development of osteoarthritis
(OA)3e6. However, the role meniscal damage plays in OA
pathophysiology is unclear. It is known that meniscal dam-
age, including meniscal tears, are highly prevalent in OA7,
and recently it has been shown that these meniscal
changes are predictive of structural progression of OA
longitudinally8.
The medial vs lateral tibial plateau bone mineral density
ratio (M:L BMD) is a measure of relative bone mineral den-
sity in the medial as compared to the lateral tibial plateau.
Because the region of interest (ROI) averages the bone
within the region, it is unable to provide detail on the spe-
ciﬁcs of trabecular mineralization or subchondral plate thick-
ness. That being said, dual x-ray absorptiometry (DXA)
technology is widely available and the ascertainment of
BMDs is automated which makes this measurement of
bone appealing. Furthermore, it is a measure that has
been associated with established features of OA9e11 that
focuses on the subchondral bone of the tibial plateau.
262 G. H. Lo et al.: Meniscal damage with BMDA higher ratio is consistent with the medial tibial BMD being
greater than the lateral BMD; similarly, a lower ratio is
consistent with the lateral tibial BMD being higher than
the medial BMD. The M:L BMD has also been associa-
ted11e13 with established biomechanical risk factors for
OA progression including static alignment14 and dynamic
alignment15,16, both measures of regional loading within
a knee. There is also evidence to suggest that unloading
a knee is associated with a normalization of the M:L
BMD17,18.
Because menisci and the M:L BMD are associated with
loading within the knee, we postulated there to be an asso-
ciation between compartment-speciﬁc meniscal damage
and M:L BMD, so that an increase in M:L BMD would be
associated with medial meniscal damage, and likewise,
a lower M:L BMD would be associated with lateral damage.
The purpose of this study was to explore the cross-sectional
relationship between meniscal damage and M:L BMD in
a population-based study, the Framingham OA Cohort.Materials and methodsSUBJECTSOur population-based study cohort consisted of two separate groups,
members of (1) the Framingham Heart Study Offspring Cohort and (2)
a newly recruited cohort from the town of Framingham, MA. Participants of
this combined group, designated the Framingham OA Study Cohort, were
examined between 2002 and 2005.
The Framingham Heart Study Offspring Cohort participants included sur-
viving descendants (and spouses of descendants) of the Original Framing-
ham Heart Study cohort subjects19. As part of a study of the inheritance of
OA, selected participants were originally examined in 1992e1994. Members
of this group were identiﬁed as potential participants of the current study. All
were contacted by telephone and invited to participate in the study. Using
a validated survey instrument20 supplemented by questions about medica-
tion use that would reﬂect treated rheumatoid arthritis, people who screened
positively for rheumatoid arthritis were excluded.
The newly recruited cohort participants were drawn from a random sample
of the Framingham, MA, community. Flyers were hung in public areas to in-
crease awareness of the study which was focused on health including bone
health, foot health and arthritis. Participants were recruited using random digit
dialing and census tract data to ensure a representative sample of theFraming-
ham community. To be included, subjects had to be at least 50 years old and
ambulatory (use of assistive devices such as canes andwalkers was allowed).
Exclusion criteria were the presence of bilateral total knee replacements and
a positive screen for rheumatoid arthritis as above20. In neither group was par-
ticipant selection based on the presence or absence of knee OA.
All of those who agreed to participate in the Framingham OA Study Cohort
had tibial plateau BMD assessments and plain posterior–anterior (PA) radio-
graphs of both knees, except for those knees status-post total joint replace-
ment. There was a 2 month period where, due to time constraints, the tibial
plateau BMD assessments were only obtained on the right knee.
Persons with no contraindications had an MRI performed of at least one
knee. Among the Framingham Offspring Cohort, all participants with pain
in at least one knee had MRIs performed of both knees. The question
used to assess for knee pain was ‘‘In the past 30 days, have you had any
pain, aching or stiffness in either of your knees?’’ All members of the newly
recruited cohort had an MRI performed of one knee only. Those with a right
total knee replacement had a left knee MRI. All others had a right knee MRI.
Age, sex, and body mass index (BMI) were assessed in all study partici-
pants. BMI was calculated using the Quetelet’s index (weight/height2) as
kg/m2 (Ref.21). Height was measured to the nearest 0.25 inch using a stadi-
ometer and weight to the nearest 0.25 pound using a balance beam scale
with shoes and heavy clothing removed.PROTOCOL FOR OBTAINING MAGNETIC RESONANCE
IMAGING (MRI)All studies were performed with a Siemens 1.5 T MRI system (Mountain
View, CA) using a phased-array knee coil. A positioning device was used to
ensure uniform placement of the knee among patients. T2-weighted fat-
suppressed images in axial, sagittal and coronal planes were acquired with
the following pulse sequence parameters: TR (recovery time) ¼ 3610 ms,
TE (lapse time) ¼ 40 ms, slice thickness of 3.5 mm, and ﬁeld of view of 14
cm. T1-weighted spin echo images in the sagittal plane were acquired, usingthe following pulse sequence parameters: TR ¼ 475 ms, TE ¼ 24 ms, slice
thickness 3.5 mm, and ﬁeld of view of 14 cm.SCORING OF MRI IMAGESEach MRI was scored by one reader; in total two MRI readers were utilized
in this study. Meniscal damage was scored on MRI in the anterior horn, the
body, and the posterior horn of each medial and lateral meniscus using the
Whole Organ MRI Scoring (WORMS) system where a score of 0 ¼ intact me-
niscus, 1¼minor radial tear or parrot-beak tear, 2¼ nondisplaced tear or prior
surgical repair, 3¼ displaced or partial resection or maceration, and 4¼ com-
plete maceration22. The inter-observer weighted kappa for these measures
was 0.66. These meniscal measurements were used to assess for pres-
ence/absence of damage in the medial and lateral menisci. Medial meniscal
damagewasdichotomously deﬁnedasWORMSscore1 in themedialmenis-
cal anterior horn, the body and/or the posterior horn, and lateral meniscal dam-
age was similarly deﬁned. The cut point of 1 was used as this allowed for
discrimination of menisci that had any damage as compared to those with no
damage. Based on these deﬁnitions, each kneewas given ameniscal damage
status of one of the following: (1) no meniscal damage, (2) medial meniscal
damageonly, (3) lateralmeniscal damageonly, or (4)medial and lateralmenis-
cal damage.PLAIN RADIOGRAPHS OF THE KNEEA ﬁxed ﬂexion PA view of both knees was obtained with weight-bearing as
described by Carbone et al.23 These ﬁlms were scored for Kellgren and Law-
rence (K/L) grade (0e4)24 (weighted kappa [intra-rater reliability] ¼ 0.83
(95% conﬁdence interval [CI]: 0.74e0.91)) by an academically based bone
and joint radiologist blinded to the M:L BMD ratios and to the MRI images.
Those knees with a K/L score  2 were deﬁned as having radiographic OA.PROTOCOL FOR OBTAINING TIBIAL PLATEAU BMD
MEASUREMENTSThe proximal tibiae were scanned using DXA (Lunar Prodigy scanner GE
Lunar Corp., Madison, WI, USA), using the spine analysis option. The lower
extremity was positioned with the direction of scanning perpendicular to the
long axis of the tibia, and neutrally rotated. Also, one 5 pound rice bag was
positioned posterior to the popliteal fossa to place the knee in mild ﬂexion. As
the scanner requires the presence of surrounding soft tissue to set the
threshold for bony tissue, and since little soft tissue exists around the knee
joint, we mimicked ‘‘soft tissue’’ surrounding the knee by placing multiple ad-
ditional 5 pound rice bags (usually between six and seven bags) circumfer-
entially around the knee, making sure there were no pockets of air between
the knee and the bags. Stacking the rice bags also provided stabilization,
minimizing motion of the knee of interest. The positioning laser light was
used to position the center of the scanner arm 2 inches below the inferior
pole of the patella.
We created two customized ROIs for each knee, according to a protocol
outlined by Hurwitz et al.13 The scan included the proximal 20 mm of the tibia.
The width of each ROI (i.e., medial and lateral ROIs), in the medio-lateral di-
rection was set as the distance between the medial and lateral bone edges
along a line midway between the far medial and lateral points of the tibial pla-
teau. The two regions were positioned so that their top edges were just supe-
rior and parallel to the medial and lateral joint surfaces of the tibia. For each
ROI, the BMD was measured in the area bounded by the bone edges and
the boundaries of the region positioned within the bone. These ROI locations
were chosen to evaluate the BMD of the lateral and medial areas of the sub-
chondral cancellous bone and the cortical bone of the diaphysis. The 20 mm
height of the ROIs was chosen so that the ﬁbula was largely excluded from the
measurements (See Fig. 4).
M:L BMD were calculated by dividing the medial tibial plateau BMD
(g/cm2) by the lateral tibial plateau BMD (g/cm2). The testeretest (with repo-
sitioning) intraclass correlation was 0.99 for both the medial BMD and lateral
BMD, and 0.96 for the M:L BMD9. Excess medial loading and excess lateral
loading were deﬁned as those knees in the highest and lowest quartiles of
M:L BMD, respectively.STATISTICAL ANALYSISAll knees that had MRIs, BMDs, and plain radiographs, in addition to par-
ticipant data on age, sex, and BMI were included in the following analyses.
We described demographic characteristics including age, sex, BMI and
the prevalence of radiographic OA in the whole cohort and then in those
with no meniscal damage, medial meniscal damage only, lateral meniscal
damage only, and with both medial and lateral meniscal damage.
We assessed for the correlation among maximal WORMS meniscal score
in the medial and lateral menisci and the M:L BMD, restricted to right knees.
We graphically described the distribution of M:L BMD partitioned by me-
niscal damage status using four groups: (1) no meniscal damage, (2) medial
meniscal damage only, (3) lateral meniscal damage only, (4) both medial and
Table I
Characteristics of knees based on meniscal status (n ¼ 914 knees)
No meniscal
damage, n ¼ 604
Medial meniscal
damage only, n ¼ 208
Lateral meniscal
damage only, n ¼ 54
Medial and lateral meniscal
damage, n ¼ 47
Age (years) (mean (SD)) 62.0 (8.3) 65.5 (8.7) 67.4 (8.5) 72.2 (8.2)
Sex Female 62%,
male 38%
Female 49%,
male 51%
Female 63%,
male 37%
Female 49%,
male 51%
BMI (kg/m2) (mean (SD)) 28.2 (5.4) 29.1 (5.8) 28.0 (5.1) 29.4 (6.0)
K/L  2 43/605 (7%) 82/208 (39%) 17/54 (31%) 28/47 (60%)
Table II
Correlations of M:L BMD, medial meniscal score and lateral
meniscal scores, restricted to right knees (n ¼ 820)
M:L BMD Maximum medial
meniscal score
Maximum lateral
meniscal score
M:L BMD 1.0000 0.39 0.19
P < 0.0001 P < 0.0001
Maximum medial
meniscal score
1.0000 0.15
P <0.0001
Maximum lateral
meniscal score
1.0000
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including only the right knee to evaluate whether there were differences in
mean M:L BMD among the four meniscal damage groups using a two-sided
alpha of 0.05, controlling for age, sex, and BMI. When making individual
comparisons among the four meniscal damage groups, P values were
adjusted for multiple comparisons using the Scheffe procedure25. We re-
peated these analyses stratifying by the presence/absence of radiographic
OA.
We then performed a logistic regression including all knees, with pres-
ence/absence of medial meniscal damage as the dependent variable and
case-based quartiles of M:L BMD as the predictor variables. The analysis
was adjusted for age and sex; generalized estimating equations (GEE)
were used to adjust for correlation between two knees within an individual26.
Identical analyses were performed evaluating lateral meniscal damage as
the outcome. In order to test the effect of utilizing different cut points for
the deﬁnition of meniscal damage, the above analyses were repeated utiliz-
ing deﬁnitions of medial meniscal damage was dichotomously deﬁned as
WORMS score 2 and 3 in the medial meniscal anterior horn, the body
and/or the posterior horn, and lateral meniscal damage was similarly deﬁned.
Statistical analyses were performed using the SAS system for Windows
(version 9.1; SAS Institute, Cary, NC). P values <0.05 were considered sta-
tistically signiﬁcant.
Results
Eight hundred forty-ﬁve participants (913 knees) were in-
cluded in this study, 58% were female, with a mean age of
63.6 (SD 8.8), mean BMI of 28.5 (SD 5.5). A total of 170/
913 knees (19%) had radiographic evidence of OA. A total
of 309/913 (34%) had at least one meniscus that was dam-
aged, 255/913 (28%) had medial meniscal damage, 101/
913 (11%) had lateral meniscal damage, and 47/913 (5%)
had damage of both menisci.
There were differences in participants based on the me-
niscal damage status of their knees as seen in Table I.
Those with no meniscal damage were the youngest; those
with medial meniscal damage only, lateral meniscal dam-
age only, and both medial and lateral meniscal damage
were, respectively, older compared with the prior groups
with mean ages of 62.0, 65.5, 67.4, and 72.2. Also, those
with medial meniscal damage had a higher proportion of
males and had a higher BMI as compared to those without
medial meniscal damage. Some knees with no meniscal
damage did have evidence of radiographic OA (7%), while
those with one meniscus damaged had higher prevalences
of radiographic OA (medial meniscus 39% and lateral me-
niscus 31%). Those with both medial and lateral menisci
damage had an even higher prevalence of radiographic
OA (60%).
The prevalence of medial meniscal damage among those
with radiographic OA (110/170 (64.7%)) was higher com-
pared with those without radiographic OA (145/743
(19.5%)). Similarly, the prevalence of lateral meniscal dam-
age among those with radiographic OA 45/170 (26.5%) was
higher than those without radiographic OA (56/743 (7.5%)).
There was a moderate positive correlation of M:L
BMD with maximal medial meniscal score, R ¼ 0.39 (P <
0.0001), so that a higher ratio was associated with a larger
maximal medial meniscal damage score (Table II). There
was also a signiﬁcant negative correlation of M:L BMD withmaximal lateral meniscal score, R ¼ 0.19 (P < 0.0001) so
that a lower ratio was associated with a higher maximal lat-
eral meniscal score. We also observed a signiﬁcant positive
correlation between maximum medial meniscal score and
maximum lateral meniscal score, R ¼ 0.15 (P < 0.0001).
In Fig. 1, representing all right knees in this cohort, those
with medial meniscal damage had higher M:L BMDs, as
compared with those with no meniscal tears (P < 0.0001).
Likewise those knees with lateral meniscal damage had
lower M:L BMDs, compared with knees with no meniscal
tears (P ¼ 0.0026). The knees with both medial and lateral
meniscal damage had M:L BMD that were similar to those
with no meniscal tears (P ¼ 0.96). These ﬁndings persisted,
though the magnitude of the differences was smaller among
those without radiographic OA (Fig. 2), and was more pro-
nounced among those with radiographic OA (Fig. 3).
When evaluating the relation of M:L BMD to medial
meniscal damage, the odds ratios (ORs) of prevalent me-
dial meniscal damage from lowest to highest quartile of
M:L BMD were 1.0 (referent), 1.9, 2.4 and 8.9, P for trend
<0.0001 (Table III). The 95% CIs for the ORs are presented
in Table III in parenthesis under the point estimates. Find-
ings were similar among those with and without radio-
graphic evidence of OA. In those with radiographic OA,
52 of the 110 knees with medial meniscal damage (47%)
were in the highest M:L BMD quartile such that almost
90% of the knees with radiographic evidence of OA in
that highest quartile had evidence of medial meniscal dam-
age. The results were similar when using medial meniscal
damage deﬁnitions of maximal meniscal WORMS scores
of 2 and 3 (data not shown).
When evaluating the relation of M:L BMD to lateral menis-
cal damage, the ORs of prevalent lateral meniscal damage
from lowest to highest quartile of M:L BMD were 1.0 (refer-
ent), 0.3, 0.2, and 0.2, P for trend ¼0.001 (Table III). The
95% CIs for the ORs are presented in Table III in parenthe-
sis under the point estimates. Findings were similar among
those with and without radiographic evidence of OA. In
those with radiographic OA, 16 of the 45 knees with lateral
meniscal damage (34%) were in the lowest M:L BMD quar-
tile such that 80% of the knees in that lowest M:L BMD
Fig. 1. Box plots depicting the medians and interquartile ranges of M:L BMDs by meniscal damage status. The ANOVA showed that the
differences in M:L BMD among the groups were signiﬁcant (P < 0.0001). Individual comparisons: medial damage only vs no meniscal dam-
age, P < 0.0001; lateral damage only vs no meniscal damage, P ¼ 0.0026; medial and lateral damage vs no meniscal damage, P ¼ 0.96.
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results were similar when using lateral meniscal damage
deﬁnitions of maximal meniscal WORMS scores of 2
and 3 (data not shown).
Discussion
This is the ﬁrst study of humans to show that meniscal
damage is associated with regional tibial BMD, a measure
of subchondral bone. In this cross-sectional study, we found
that the compartment where there was meniscal damage,
there was a higher relative regional subchondral tibial
BMD where medial meniscal damage was strongly posi-
tively associated with M:L BMD and lateral meniscal dam-
age was strongly negatively associated with M:L BMD.
This relationship between meniscal damage and relative
regional subchondral BMD was observed both in thoseFig. 2. Box plots depicting the medians and interquartile ranges of M:L B
Individual comparisons: medial damage only vs no meniscal damage, P
medial and lateral damage vs no mwithout radiographic OA, in those with radiographic OA,
speciﬁcally the prevalence of medial meniscal damage
was higher in the high M:L BMD group (consistent with
a high medial BMD) as compared to those in the low M:L
BMD group in those with radiographic evidence of OA. A
similar relationship was also seen in those without radio-
graphic evidence of OA with the exception that the overall
prevalence of meniscal damage was lower in this group
as compared to the OA group. Similar ﬁndings were ob-
served when looking at the prevalence of lateral meniscal
damage and those in the lowest M:L BMD group (consistent
with a high lateral BMD). These ﬁndings suggest that the re-
lationship between meniscal damage and M:L BMD may
develop early and likely continues to be important late in
the pathophysiology of OA. Further evidence to support
this assertion is that, in Fig. 2, when evaluating those with-
out radiographic OA, those with medial meniscal damageMDs by meniscal damage status in those without radiographic OA.
¼ 0.0005; lateral damage only vs no meniscal damage, P ¼ 0.28;
eniscal damage, P ¼ 0.90.
Fig. 3. Box plots depicting the medians and interquartile ranges of M:L BMDs by meniscal damage status in those with radiographic OA.
Individual comparisons: medial damage only vs no meniscal damage, P ¼ 0.0041; lateral damage only vs no meniscal damage, P ¼ 0.01;
medial and lateral damage vs no meniscal damage, P ¼ 0.46.
Fig. 4. Diagram of the ROIs used to calculate the M:L BMD ratio.
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cal damage (1.15 vs 1.11, P ¼ 0.0005). Similarly, those with
lateral meniscal damage had a lower M:L BMD compared to
those without any meniscal damage, though this did not
reach statistical signiﬁcance (1.09 vs 1.11, P ¼ 0.28). How-
ever, when looking at those with radiographic evidence of
OA, in Fig. 3, the differences in M:L BMD between those
with medial meniscal damage only and no meniscal dam-
age (1.27 vs 1.18, P ¼ 0.0041) and between those with lat-
eral meniscal damage only and no meniscal damage (0.96
vs 1.18, P ¼ 0.01) were both larger in magnitude and both
statistically signiﬁcant. While the cross-sectional design
makes it difﬁcult to make temporal inferences regarding
our ﬁndings, identiﬁcation of the presence of a relationship
between subchondral bone changes and meniscal damage
is meaningful.
In our logistic regression models, we adjusted for age and
sex, because these are known risk factors for OA. BMI is
also a known risk factor for OA and was different among
the groups of knees based on meniscal damage (Table I).
However, because we suspected that BMI was potentially
an important cause of abnormal loading which may have
caused meniscal damage, subsequently causing a change
in subchondral BMD, we did not adjust for BMI in our logistic
regression model. On the other hand, we were not entirely
certain of the causal pathway that exists in OA; therefore,
we entertained the possibility that BMI was a confounder
and subsequently adjusted for this additional factor in our
logistic regression model. This factor was not signiﬁcant in
the model and the overall results remained similar.
Although we found that higher M:L BMD was associated
with medial meniscal damage and lower M:L BMD was as-
sociated with lateral meniscal damage, we also found that
maximal medial meniscal score and maximal lateral menis-
cal score were correlated. Those who have meniscal dam-
age in one compartment are more likely to have meniscal
damage in the other compartment as well. Longitudinal
studies following those knees with meniscal damage in
just one compartment will be critical in providing insight
into this complex inter-relationship between meniscal dam-
age and M:L BMD.
In our study, we also found that medial meniscal damage
occurs 2.5 times more frequently than lateral meniscaldamage (28% vs 11%). This may relate to the fact that
70% of the load within a knee is transmitted through the me-
dial tibiofemoral compartment27.
These issues highlight the unique position of menisci. Not
only do they serve the purpose of distributing load, but they
are also the subject of loading within the knee. If meniscal
damage occurs secondary to excess unicompartmental
loading within the knee, then that same meniscus is also
likely less able to distribute load within its compartment.
In our study we used a measurement of bone, the M:L
BMD of the tibial plateau, a newly established feature of
OA10 that has been associated with loading11e13. Although
this is not a direct measurement of loading, the fact that this
measure, representing changes within the bone, was found
to be associated with meniscal damage is of interest in bet-
ter understanding OA pathophysiology. The results of our
Table III
Relation of M:L BMD ratio groups to the prevalence of BMLs
Medial meniscal damage M:L BMD ratio groups P for trend
1 (0.70e1.11) 2 (1.11e1.18) 3 (1.18e1.27) 4 (1.27e1.91)
Adjusted OR of medial
meniscal damage (95% CIs)
1.0 (reference) 1.9 (1.3e2.9) 2.4 (1.6e3.6) 8.9 (5.1e15.5) P < 0.0001
Medial meniscal damage
prevalence (all knees)
(64/388) 16.5% (64/233) 27.5% (63/196) 32.1% (64/96) 66.7% e
Medial meniscal damage
prevalence (K/L  2)
(23/52) 44.2% (17/26) 65.4% (18/34) 52.9% (52/58) 89.7% e
Medial meniscal damage
prevalence (K/L < 2)
(41/336) 12.2% (47/207) 22.7% (45/162) 27.8% (12/38) 31.6% e
Lateral meniscal damage M:L BMD ratio groups P for trend
1 (0.70e1.00) 2 (1.00e1.09) 3 (1.09e1.19) 4 (1.19e1.91)
Adjusted OR of lateral
meniscal damage (95% CIs)
1.0 (reference) 0.3 (0.1e0.5) 0.2 (0.1e0.3) 0.2 (0.1e0.4) P ¼ 0.001
Lateral meniscal damage
prevalence (all knees)
(26/87) 29.9% (24/223) 10.8% (27/358) 7.5% (24/245) 9.8% e
Lateral meniscal damage
prevalence (K/L  2)
(16/20) 80.0% (10/25) 40.0% (7/36) 19.4% (12/89) 13.5% e
Lateral meniscal damage
prevalence (K/L < 2)
(10/67) 14.9% (14/198) 7.1% (20/322) 6.2% (12/156) 7.7% e
Odds ratios are adjusted for age and sex. Italicized results are meniscal damage prevalence measurements stratiﬁed by radiographic OA
status.
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niscal damage and bone changes in OA.
The best chance of having a large public health impact in
OA will involve identifying early changes seen in OA so that
we can develop and implement interventions that may halt or
reverse these changes. Improving our understanding of
early OA, including that meniscal damage is associated
with M:L BMD may be instrumental in this effort. Despite
the marked trends demonstrated on a population basis
in this study, it is difﬁcult to predict the M:L BMD of a given
individual based on their meniscal damage status. As illus-
trated in Figs. 1e3, those with both medial and lateral menis-
cal damage have a wide range of M:L BMDs and the median
of the ratio is similar to those in people without any meniscal
damage. This maymean that theM:L BMDwill have a limited
impact on clinical care until the probability of OA develop-
ment or progression can be predicted more accurately on
a personal level. However, understanding the relationship
of M:L BMD to that of meniscal damage on a population level
does still provide insight into our understanding of the path-
ophysiology of OA. Longitudinal studies will be needed in or-
der to clarify the temporal relationship between meniscal
damage and increased regional BMD.
In summary, meniscal damage is associated with in-
creased regional tibial BMD in the same compartment.
Our ﬁndings highlight the close relationship between menis-
cal integrity and regional tibial subchondral BMD.
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